The objective of the study is the presentation of the chemical properties of forest chernozems and the features of forest habitats developed on chernozems in south-eastern Poland. The assessment of the trophic status of chernozems was presented based on the Trophic Soil Index (SIG). Moreover, the paper presents the diversity of forest vegetation on chernozems. The research covered 15 plots from the habitat inventory performed for the Mircze and Strzelce Forest Districts (SE Poland). Habitat conditions were characterised on the research plots, with particular consideration of the soil and vegetation. The analysed soils were featured by the presence of thick humus horizons and the occurrence of calcium carbonate. High SIG values confirm the eutrophic status of the analysed soils. In general, fresh and wet habitats of broadleaved forests (Loew and Lw), as well as fresh habitats of broadleaved upland forest (Lwy¿oew) develop on chernozems in Poland. They are associated with multi-species broadleaved tree stands. The conducted research indicates that, in current environmental conditions, the potential plant community is oak-hornbeam forest with predominance of oak, hornbeam, and abundant admixtures of other broadleaved species. High trophic status of the analysed chernozems is confirmed by high bonitation of tree stands and richness of forest floor vegetation.
INTRODUCTION
In Poland, forests particularly occur on land with poor soils, as reflected in prevailing types of forest habitats. The structure of forest habitats is slightly dominated by coniferous forest, which cover over 50.4% of the forested area of Poland, whereas the broadleaved forest habitats occupy 49.6% of the area (Forest in Poland. Lasy w Polsce 2018). Chernozemic soils occupy only slightly above 3% of the total area of Poland (£abaz and Kaba³a 2014; Kaba³a 2019) . Chernozems cover a small fraction of forested land only in selected parts of the country, particularly in the uplands of south Poland (especially the Lublin Upland). Due to their exceptional properties, chernozems have been prized for agriculture for thousands of years, while forests have been in majority cleared. According to the Polish Classification of Forest Soils (Klasyfikacja 2000) , one type of 'leached chernozems' is distinguished.
It is generally agreed that Central European chernozems originated in a continental climate with steppe, forest-steppe or forest-meadow vegetation on carbonate bedrocks (Borowiec 1964; Eckmeier et al. JAROS£AW LASOTA 1* , EWA B£OÑSKA 1 , STANIS£AW £YSZCZARZ 1 , ADRIAN SADOWY 2 2007; Kaba³a 2019) . Human activity in the late Holocene led to the destruction of forests on the most fertile soils. Only scarce fragments of tree stands are currently encountered on chernozems in the Lublin Upland. Also the chernozems in the G³ubczyce Plateau (SW Poland) are considered to developed with the contribution of thermophilic steppe-forest vegetation, particularly with oaks and minor contribution of lime, maple and, in the later period, hornbeam (Licznar 1976 ). Due to the fertility of chernozems, the preserved fragments of tree stands have the form of multispecies broadleaved forests on the habitat of eutrophic broadleaved upland forests (Lwy¿oew). Potential vegetation is floristically rich association of Tilio-Carpinetum typicum in the upland form (Lasota and B³oñska 2013) . The objective of the study is to present the chemical properties of forest chernozems in south-eastern Poland and properties of forest habitats developed on chernozems. The assessment of the trophic status of chernozems was derived based on the Trophic Soil Index (SIG), after Bro¿ek et al. (2011) . Moreover, the research attempts to present the diversity of forest vegetation on chernozems in south-eastern Poland. Forest habitats and forest types on chernozems in south-eastern Poland
MATERIALS AND METHODS
The study was conducted in the Mircze and Strzelce Forest Districts administered by the Regional State Forest Directorate in Lublin. According to the physicogeographical regionalisation of Poland by Kondracki (1977) , the areas are located in the mesoregions of the Hrubieszów Basin, Pobu¿e Basin, Sokal Perch (Mircze Forest District) and Horod³o Perch (Strzelce Forest District). The study concerned 15 research plots from habitat inventory performed for the Mircze and Strzelce Forest Districts by the Office of Forest Management and Land Surveying in Lublin (Operat 2009 (Operat , 2015 . Site conditions were characterised on the research plots with particular consideration of soil and vegetation. A soil pit was dug on each research plot, and the soil profile was described in detail. Samples for laboratory identification were collected from each genetic horizon with the exception of horizon Ol. On each research plot, a phytosociological relevé using the Braun-Blanquet method and a taxonomic description of the tree stand were performed. Based on geological and soil characteristics, forest floor vegetation and species composition, the affiliation of each research plot to a type of forest habitat was determined. Classification of Forest Soils (Klasyfikacja 2000) and Polish soil Classification (Systematyka 2019) were used for description of soil profiles.
Samples were subjected to the determination of physico-chemical properties (Ostrowska et al. 2001) . The results of the laboratory analysis of soils were taken from Operat (2009, 2015) . Bulk density was determined using Kopecky cylinders, soil texture by sieve-hydrometer method, soil reaction by potentiometric method in water and 1M KCl and hydrolytic acidity by the Kappen method. The content of total nitrogen was determined by the Kjeldahl method and total organic carbon by the modified Tiurin method followed by calculation of C/N ratio. Base cations were determined in 1M ammonium acetate at pH 7. Base saturation was calculated using base cation content and hydrolytic acidity. Moreover, the Trophic Soil Index was calculated .
The calculation of soil organic carbon stock (SOC S ) for surface horizon (uppermost mineral horizon A) was performed in accordance with the following formula:
where: C is organic carbon content in the genetic horizon (%), D is bulk density (g cm -3 ), and m is a thickness of the horizon (cm).
RESULTS
The soil analyses shows a classic arrangement of chernozem horizons, i.e. A-AB-B-Cca or A-AB-B-Ck according to Polish soil Classification (Systematyka 2019) and international systems. Surface mineral humus horizons (A) have a thickness from 17 to 75 cm and the underlying transitional horizons (AB, ABbrg) from 19 to 85 cm (Table 1) . Total depth of mineral humus horizons A and AB is 41-110 cm. Soils have pH in H 2 O in a range from 5.1 to 7.9, and pH in KCl from 3.8 to 7.3. Nevertheless, majority of the soils under investigation show weakly acidic reaction in the surface horizons (pH in H 2 O 5.6-6.9). Due to the development of the soils under study from loess are dominated by the silt fraction (above 60%, with the exception of three profiles), followed by smaller share of clay fraction (1-37%) and sand fraction (usually <20%, in three profiles the content of very fine sand reaches 43-44%) ( Table 1) . Organic carbon content in the surface mineral horizons ranges from 0.78 to 3.28% and the content of nitrogen from 0.08 to 0.30%. The values of C/N ratio oscillate around 10. Particular profiles differ in the content of calcium carbonate and depth of its occurrence (Table 1) . In six profiles, calcium carbonate (ranging from 1.5 to 12.6%) was found in deep horizons (from 93 to 100 cm), while in the other soils its presence was determined at a lower depth (from 30 to 79 cm). Base cations content in soils varies from 2.0 to 33.5 cmol(+)·kg -1 . Taking into account the base cations content and hydrolytic acidity, the base saturation of soils was approximated at the level 25.6 to 98.3% (Table 2) . Minimum carbon stock in the surface mineral humus horizons was 52.8 Mg·ha -1 and the maximum value was 261.5 Mg·ha -1 (Table 3) .
The values of Trophic Soil Index calculated for chernozems from the Mircze and Strzelce Forest Districts were high, from 35 to 40, suggesting eutrophic status of habitats (Table 3 ). The determination of SIG involved the calculation of the impacts of <0.02 mm fraction pools (Czsp), base cations pools (Sz), ratio of hydrolytic acidity to fraction <0.02 mm in the soil column of 1 m 2 cross-section and 1.5 m depth (Yp) as well as the ratio of nitrogen content to C/N in the first mineral humus horizon (Np). The pools of <0.02 mm fraction (Czsp) were in the range of 433-1010 kg·1.5 m -3 and base cations pools (Sz) in a range of 143-408 mol·1.5 m -3 . In the described chernozems, the ratio of acidity to <0.02 mm fraction pools (Yp) was variable and ranged from 0.022 to 0.218 mol·1.5 m -3 . The ratio of nitrogen content to C/N in first mineral humus horizon (Np) varied from 0.008 to 0.032 (Table 3) . The described plots were classified to three types of forest habitats, i.e. the fresh broadleaved forest (Loew) habitat, wet broadleaved (Lw) and fresh broadleaved upland forest (Lwy¿oew) ( Table 4 ). The aforementioned forest habitats varied in moisture status (moderately fresh variant, strongly fresh variant and moderately wet variant). The tree stands showed high species diversity associated with the moisture variant. In the habitats Loew and Lwy¿oew, hornbeam-oak tree stands were present with a variable proportion of the aforementioned species and with single admixtures of other species such as birch, maple, pine, larch and sweet cherry. At moist sites, chernozems were covered with alder, oak-ash, or ash-alder-birch tree stands with hornbeam. The tree stands were characterised by their good quality, as expressed in their bonitation, in a range of I-II classes (Table 4 ). Tree stands growing on chernozems had various structure of tree stand and forest floor. The second layer of tree stands was created by the hornbeam. The strongly developed understory in fresh habitats includes hazel, in wet habitats -hazel, Cornelian cherry, bird cherry and elderberry. On the plots considered in this study, diverse forest floor occurred. 75 species of vascular plants were found on the study plots. The average number of vascular plants was 22±3.3 ( Table 5 ). The dominant species in the studied plots were Anemone nemorosa, Galium odoratum, Asarum europaeum, Aegopodium podagraria, Dryopteris filix-mas, and Vinca minor. In wet habitats, indicators of higher moisture occurred, namely: Ficaria verna, Urtica dioica and Circaea lutetiana.
DISCUSSION
A debatable issue is the classification of the analysed sites according to the typological classification. In the typological classification, chernozems are unquestionably recognised as eutrophic soils of habitats of broadleaved forests. The association of this type of soils with geographic-climatic regionalisation of habitat types is not conclusively determined. During the large-area inventory of forest habitats, the majority of the analysed chernozems was associated with lowland habitats (sites Loew, Lw) and only in two cases with upland habitats (Lwy¿ oew). The problem resulted from the lack of criteria of recognition of these habitats in the upland areas. (1977), classifying geographic landscapes of southern Poland, next to upland carbonate and siliceous areas, distinguished a loess upland landscape. Due to the physicogeographical regionalisation, altitude and geology, the area of the Lublin and Wo³yñ Upland where forests on chernozems were described, should be unequivocally associated with areas with upland features. Another criterion considered in the differentiation of sites of upland and lowland habitats are the features of the vegetation cover (features of the tree stands and forest floor vegetation). In tree stands occurring in the upland areas, typically the admixtures of fir and beech differentiate the upland forms of dry-ground forests. Whereas, in the case of the plots located in the western part of the Lublin and Wo³yñ Uplands, due to drier climate and strong continentalism, neither fir or beech occur. Moreover, no species reported as differentiating upland and lowland sites were recorded in the forest floor vegetation (Siedliskowe 2003) . The Trophic Soil Index (30-40) confirms the eutrphic character of the analysed soils. Equally high SIG values were found in soils of Fagus sylvatica-Mercu- Explanation: SOCs -soil organic carbon stock in the surface horizon, Czsp -pools of <0.02 mm fraction, Sz -pools of base cations, Yv/Czsv -ratio of hydrolytic acidity to <0.02 mm fraction pools in soil column of 1 m 2 cross-section and 1.5 m depth, N2/C -ratio of nitrogen content to C/N ratio in the first mineral humus horizon, SIG -Soil Trophic Index. Forest habitats and forest types on chernozems in south-eastern Poland rialis perennis and Acer platanoides-Tilia cordata plant communities (Lasota et al. 2010 . Community composition was related to soil condition. High trophic status of the analysed chernozems is confirmed by number of vascular plant and their species composition. The diversity and composition of vascular plant community is effect of soil characteristics (Iturrate-Garcia et al. 2016).
In the described chernozems, irrespectively of tree stand species composition, no erosion processes were observed. Forest management of chernozems efficiently counteracts surface water erosion, whereas in the case of arable chernozems, water erosion causes worsening of their structure (Licznar 1976) . During agricultural treatments, horizons Ap of chernozems are subjected to considerable lumping and partial pulverisation (Paluszek 1995) . According to Kowaliñski et al. (1987) , chernozemic soils in Poland are subjected to evolution due to the effect of local soil-forming factors, leading to changes in their macro and micromorphological structure and properties of the soil mass in particular genetic horizons. Over the years, chernozems developed under the impact of multi-species broadleaved tree stands with variable structure suffer from the cultivation of tree stands with a contribution of pine. On three plots subject to the study, the contribution of pine was determined at a level of 20-40%, that may negatively influence on the soil properties of the eutrophic habitats (B³oñska et al. 2016, 2017, 2018) . Other study plots with chernozems are associated with multi-species broadleaved tree stands. The conducted research indicates that in current environmental conditions the potential plant community is oak-hornbeam forest with predomi nance of oak, hornbeam, and abundant admixtures of other broadleaved species . Hornbeam and oak increased   e  l  i  f  o  r  P  l  i  o  s  f  o  e  p  y  T  d  n  a  t  s  t  s  e  r  o  F  r  e  v  o  c  d  n  u  o  r  g  n  i  s  e  i  c  e  p  s  t  n  a  n  i  m  o  D  f  o  e  p  y  T  e  t  i  s  t  s  e  r  o  f   1  e  z  c  r  i  M  s  m  e  z  o  n  r  e  h  C  b  G  ,  I  b  D  0  1  ,  a  n  r  e  v  a  i  r  a  c  i  F  ,  a  s  o  r  o  m  e  n  e  n  o  m  e  n  A  ,  a  l  l  e  s  o  t  e  c  a  s  i  l (Gruba 2004; B³oñska et al. 2016) .
In soils of different ecosystems, the greatest accumulation of organic carbon occurs in the surface horizons. This is related to the supply of organic remains originating from above-ground parts of plants and animals, root systems and organisms living in the soil (Zwydak et al. 2017 ). According to the authors, the content of organic carbon accumulated in the layer down to the depth of 50 cm constitutes 64-94% of total organic carbon stock accumulated in the soils. In the described chernozems afforested with broadleaved vegetation, high carbon content was recorded in the surface mineral humus horizons. The maximum SOC stock was 262 Mg ha -1 . Several papers confirm, that under variable conditions, the highest organic carbon stocks occur in the topsoil layer, down to the depth of 30 cm (Marinho et al. 2017; Börjesson et al. 2018) . De Vos et al. (2015) estimated its total stocks at 3.50-3.94 Gt C in forest floors and 21.4-22.7 Gt C in mineral and peat soils down to 1 m in European forests.
CONCLUSIONS
The research confirmed the good condition of chernozems covered with forest vegetation in SE Poland. The Trophic Soil Index (SIG) confirms the eutrophic character of the analysed soils. Chernozems develop habitats of fresh and wet broadleaved forests (Loew and Lw), as well as fresh broadleaved upland forests (Lwy¿oew). They are covered with multi-species broadleaved tree stands. A potential plant association is oak-hornbeam forest with predominance of oak, hornbeam and abundant admixtures of other broadleaved species. In the case of higher moisture, chernozems are covered with tree stands with ash, elm and alder, with forest floor species typical of wet forms of oak-hornbeam forest. High trophic status of the analysed chernozems is confirmed by high bonitation class of tree stands and botanical richness of the forest floor vegetation.
